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Abstract

Luecha Ladachart, Manus Poothawee, and Ladapa Ladachart take a unique approach in
their study entitled, “Toward a hypothetical place-based learning progression for haze
pollution in the northern region of Thailand,” whereby they frame acquiring disciplinary
knowledge within a place-based learning progression in response to regional issues related
to air pollution. From this study, the authors created a proposed learning progression that
was designed to facilitate an understanding of the cause and effect of haze pollution as
it relates to anthropogenic issues, geographical location, and seasonal patterns distinctly
for the northern region of Thailand. The purpose of this response article is to discuss the
design of Ladachart, Poothawee, and Ladachart’s (2020) place-based learning progressions
and to facilitate a discussion on enhancing place-based learning progressions through the
development of identity, self-efficacy, and epistemic agency. Lastly, we will reflect on our
research in the Mississippi Delta (USA) to engage a discussion on how anchoring learning
progressions across epistemological dimensions enables students to advance cognitively
and developmentally while experiencing the personal and social transformation that posi-
tions them as epistemic agents within their local communities.
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The framework for K-12 science education has undergone several reformations to ensure
that students acquire disciplinary knowledge as well as engage in science practices that
reflect scientific literacy and civic responsibility (NGSS Lead States 2013). Although such
reformations have revolutionized how science is taught in the twenty-first century, shifting
perspectives continue to arise regarding how to effectively design socially relevant curricu-
lum that includes participatory and practice-oriented dimensions of science that support
the development of science literacy (Kelly 2011). Ladachart et al. (2020) take a unique
approach in their study entitled, “Toward a hypothetical place-based learning progression
for haze pollution in the northern region of Thailand,” whereby they frame acquiring disci-
plinary knowledge within a place-based learning progression in response to regional issues
related to air pollution. From this study, the authors created a proposed learning progres-
sion that was designed to facilitate an understanding of the cause and effect of haze pol-
lution as it relates to anthropogenic issues, geographical location, and seasonal patterns
distinctly for the northern region of Thailand. Learning progressions are widely recognized
for enhancing conceptual understanding but continue to evolve as researchers contextualize
progressions within place-based curricula (Larsen and Harrington 2018). Gregory Smith
notes the beneficial aspects of place-based education in stating, “The opportunity to par-
ticipate in learning activities that focus on real-world problem-solving can impart to chil-
dren a sense of their own agency and collective capacity to alter their neighborhoods or
communities for the better” (Smith et al. 2007, Lead, p.192). Integrating place-based edu-
cation within learning progressions is a transformative vehicle for developing conceptual
understanding of science topics, science literacy, and meaningful participation within local
communities. Ladachart et al. grounded their proposed learning progression in conceptual
understanding; however, integrating place-based education within learning progressions
requires students to engage in participatory agency with the local community. We propose
that place-based learning progressions can be enhanced to address epistemic agency, which
strategically structures students’ participation, identity development, and self-efficacy as a
part of the sequenced progression. We will reflect on our research in the Mississippi Delta
(USA) to engage a discussion on how anchoring learning progressions across epistemo-
logical dimensions enables students to advance their conceptual understanding of science
and engineering practices while experiencing the personal and social transformation that
positions them as epistemic agents within their local communities.

Review of place-based learning progression in Thailand

Although complexities regarding pollution are typically addressed within standard science
curricula, they are often presented from a global and universal perspective that generalizes
the causes and effects. In their study, Ladachart et al. depart from the universal approach to
present the multidimensional nature of haze pollution as it relates to the social, economic, and
political context of the northern region of Thailand. The northern region of Thailand has an
extensive heritage of rice farming that has evolved into an agricultural industry with rice and
corn as staple crops. Mass production within the agricultural industry has led to economic
development along with the mass production of biowaste. Historically, biowaste management
was resolved by the cultural practices of burning; however, the continued practice of burn-
ing on the modern agricultural scale has led to mass production of haze pollution. Some of
the residents in this region burn biowaste as a means of producing heat during colder sea-
sons, while others believe this ancient practice to be necessary for the cultivation of the land
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for crop production. The environmental challenges of pollution in that area are coupled with
rapid urbanization because of the expanding tourism economy. The developing infrastructure
due to urbanization comes at the price of compromising the environmental integrity of the
land. The geographical positioning of this region in terms of the air pressure, seasons, and the
mountains makes this area highly vulnerable to pollutants collecting in the air forming a thick
haze. Although governmental organizations have noted the significance of this environmental
issue and created policies to regulate the burning of biowaste, these regulations have not had
much effect on cultural practices of burning or pollution. Ladachart et al. suggest that includ-
ing students’ prior knowledge and understandings of haze pollution through the application
of place-based learning progressions may influence cultural practices of burning in the future
while providing classrooms as adequate spaces to create sustainable solutions for reducing and
eradicating haze pollution in the northern region of Thailand.

Ladachart et al. purposefully fuse the element of place-based education with learning pro-
gressions as a strategy for motivating students to examine the reciprocating influence of sci-
ence and human behavior, both geographically and culturally. Learning progressions enable
educators to determine and design specific learning targets to conceptually advance students’
content knowledge and science practices across grade levels. The construction of the authors’
proposed place-based learning progression was the result of several analytical interactions
of qualitative surveys and interviews. Ladachart et al. developed a questionnaire to assess a
group of students’ general understanding of haze pollution within the context of their place-
based experiences. The authors then analyzed qualitative responses from the questionnaire to
construct a tentative place-based learning progression that was later revised based on semi-
structured interviews from the second group of students ranging from seventh grade to twelfth
grade. The authors stratified learning objectives across four progression levels in which the
learning target centered on the cause and effects of haze pollution in relation to the seasons,
air pressure, landscape, and geographical location. Within the learning progression, students
understand how particulates form from burning and how the geographical and atmospheric
conditions contribute to the formation of haze. Throughout the learning progression, students’
prior knowledge and experiences are assessed in relation to their understandings of their sci-
entific explanations. At the highest level of the proposed learning progression, students have
the ability to communicate a conceptually sophisticated answer based on connecting scien-
tific evidence to community practices regarding how haze pollution occurs. According to
the authors, as students understand how human behaviors contribute to haze pollution, they
will then be able participate in designing sustainable solutions to mitigate and or eradicate
haze pollution. While learning progressions that emphasize conceptual knowledge are essen-
tial, researchers have recently shifted the utility of such progressions to include the design of
practice-oriented learning progressions (Pierson et al. 2019). Ashlyn Pierson, Douglas Clark,
and Gregory Kelly assert that “...authentic engagement in science practices involves more
than the replication of professional practices in K-12 contexts” and that “Meaningful engage-
ment in science practices requires that students be positioned as epistemic agents..” in which
students appropriate the knowledge, skills, and practices of science as tools of inquiry (Pierson
etal. 2019, p.833).
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Expanding place-based learning progressions to address epistemic
agency

Place-based education uses the local community as a performative place to use the tools
of science to solve local problems. David Sobel states place-based education “...increases
academic achievement, helps students develop stronger ties to their communities, enhances
students’ appreciation for the natural world, and creates a heightened commitment to serv-
ing as active, contributing citizens" (Sobel 2004, p. 4). Essentially, the goals of place-based
education center on agency, environmental responsibility, and ownership. Thus, place-
based learning requires the students to engage in epistemic agency, in which the students
may regard themselves as scientists that are capable of creating knowledge, regulating how
knowledge is utilized within the local community, and regard themselves as responsible
for the creation and enactment of solutions in science (Eglin 2013). The construction of a
science identity is conceptually complex as it subsumes a multiplicity of other social and
cultural identities; however, the science identity transformation affords students a sense of
efficacy when using the tools of science (Avraamidou 2020). In this sense, students pos-
sess the autonomy to construct new knowledge in their local place using science practices.
While Ladachart et al.’s effectively noted that the long-term goal is to impact human behav-
ior with respect to creating haze pollution in the northern region of Thailand, their focus
was primarily on conceptual knowledge, which alone does not cultivate or ensure human
responsibility or epistemic agency. Thus, in the design of place-based learning progres-
sions, how can epistemic agency be actualized? In addition, if epistemic agency involves
students participating as scientists in their local community, what experiences are needed
to facilitate the transformation of a science identity that provokes them to reconceptualize
their capacity to become agents of change in their communities? Such questions provide an
opportunity to expand learning targets within place-based learning progressions.

Beyond simply advancing content knowledge, learning progressions offer opportuni-
ties for cognitive development across anchors by addressing epistemic practices. Thomas
Corcoran et al. (2009) note that “engaging in complex cognitive tasks such as inquiry,
argumentation, and explanation,” which are epistemic processes, are fundamental to devel-
oping a sophisticated understanding of science as well as demonstrating scientific prac-
tices (p.12). They further assert that the path of cognitive development for students is not
“purely incremental” rather that such development occurs over time across increasingly
complex schemes or progressions that are modified as students encounter new experiences
(Corcoran et al. 2009, p.18). Thus, epistemic practices serve as learning targets within
learning progressions that map students’ cognitive development. Practice-oriented learn-
ing progressions that address epistemic aims are intended to move students away from
being mere technicians in which students perform rote confirmatory science (Stroupe et al.
2018). Grounding the progression of learning through epistemic agency encourages full
participation in the construction of knowledge and solutions through scientific habits of
mind (Stroupe et al. 2018).

Pierson et al. (2019) argue that conceptually based learning progressions and practice-
oriented progressions alone are not sufficient to authentically engage students in science
learning. Instead, through examination of various studies, Pierson et al. (2019) urge edu-
cational researchers to both consider and imagine how to design experiences within learn-
ing progressions that advance the development of disciplinary identities as they develop
cognitively. In similar fashion prior, Michalinos Zembylas (2005) argues the necessity of
creating learning experiences that parallel the progression of cognitive development with
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the progression of the affective state of students, “particularly involving emotions, motiva-
tion and social aspects, such as group work, and learner characteristics, such as students’
self-efficacy and...beliefs” (Duit and Treagust 2012, p110). Zembylas arguments are
congruent with Bandura’s (1994) sociocultural learning theory that notes that learning is
driven by the reciprocal relationship between internal characteristics such as self-efficacy
and external experiences (Bryan et al. 2011). Horn (2008) found that disciplinary identi-
ties influence persistence and achievement as students engage in learning. Pierson et al.
(2019) assert that future learning progressions research should “...consider not only what
is traditionally framed as disciplinary knowledge, but also equally important constructs like
identity and community in order to support students’ development of and engagement in
meaningful science practices” (p. 839).

Furthermore, embedded within exploring factors that influence epistemic aims are
notions of positionality as it relates to identity as well as sociocultural and sociopoliti-
cal factors that influence the production of knowledge (Yucel 2018). Navigating personal
beliefs and social constructs regarding identities and efficacy concerning producing knowl-
edge is significant (Hofer 2006) in the process of students developing science identities in
which they take ownership of disciplinary knowledge beyond the spatial dimensions of the
classroom and the temporal dimension of conceptual learning progressions (Cérdova and
Balcerzak 2016). For students to act as agents, in which they take ownership of science-
related issues in their community, educators must strategically create opportunities for
participation within science communities and local communities. As students shift from a
passive position of acquiring knowledge in the classroom to an active practice of science
in and out of the classroom, students will encounter systems and structures that influence
their participation (Miller et al. 2018).

Ladachart et al. contribute to the body of research that discusses the reformation of con-
ceptually based learning progressions in science by including place-based knowledge. We
posit that the research of Ladachart et al. could be enhanced through a discussion of how
enacting change in the region is actualized through epistemic development which prior-
itizes students’ ownership in their role as scientists as a result of engaging in action-ori-
ented practices. What could be further developed in the Ladachart et al. study is examin-
ing how existing structures in the northern region of Thailand structure the participation
of students and the local communities. Upon further examination of this study, how can
opportunities be created to negotiate a science identity and enhance self-efficacy while
empowering their cultural identity? In the following sections, we will discuss a place-based
STEM learning progression designed to develop students’ epistemic agency through the
enhancement of their science identity and self-efficacy as they were engaged in applying
science and engineering practices in solving local problems.

Actualizing STEM potential program

Sociopolitical, sociocultural, and socioeconomic macrostructures of inequality stratify
communities regarding epistemological participation within the scientific disciplines
and STEM-related fields. Aligned with Dewey’s notion of equitable participation
(Williams 2017), we designed a program, “Actualizing STEM Potential in the Missis-
sippi Delta” (ASP), in response to systemic barriers for African-American students in
STEM. This program, sponsored by the National Science Foundation (NSF proposal no.
1511792), serves high school students in grades 9-12 in an underserved, predominantly
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African-American school district in the Mississippi Delta, where a marginal percentage
of the students pursue STEM careers, and an even smaller percentage persist after enter-
ing college. The school district where the program is implemented is under resourced
with few science classes and AP courses, and hardly any initiatives to inspire students’
career goals in STEM fields; thus, students have limited opportunity and cultural capital
for developing an identity in STEM (Bourdieu 1986). The ASP program is grounded in
practice-oriented learning with equitable access to resources which is fundamental to
students constructing knowledge in science and engineering. Beyond focusing exclu-
sively on conceptual development, our goals that center participation were developed
out of Albert Bandura’s (1994) concept of self-efficacy which “...posits that bidirec-
tional interaction between personal factors, behavior, and external environment are par-
amount to achievement” (Flowers et al. 2019, p.139). This bidirectional interaction is
a key factor in the ontological transformation of the self, represented as identity, and
is cultivated through epistemological development which progresses learning through
practice-oriented experiences. Therefore, the goal of constructing an identity and influ-
encing self-efficacy is key to students’ development of epistemic agency leading to their
active participation within their local community of place.

Developing scientific literacy, which is foundational to place-based education, is
touted as the benchmark of education reform which prioritizes students using the tools
of science as they participate in civic, cultural, and economic affairs. David Gruenewald
affirmed the significance of science literacy in stating: “Place-based pedagogies are
needed so that the education of citizens might have some direct bearing on the well-
being of the social and ecological places people actually inhabit” (Gruenewald 2008,
p-308). Gruenewald also noted place-based education must go beyond the constructivist
approach of experiential- and community-based learning to examining how the local
environment and members of that environment were shaped by power dynamics and
hegemonic structures. Although place-based education prioritizes experiential learning
and ownership, we argue that fostering ownership of science is not possible without
addressing internalized and external social constructs and hegemonic structures that
alienate marginalized students from practicing science with efficacy and agency in their
local communities.

Inequitable access to science- and STEM-related courses, corresponding resources,
and STEM-based programs not only yields inequitable participation within the scien-
tific and technological enterprise (Lancaster and Xu 2017) but also robs local communi-
ties from cultivating economic, social, and cultural capital from representatives of that
place (Bourdieu 1986). In addition, the ability for African-American students to authenti-
cally engage in science communities of practice has been marred by negative stereotypes
deriving from a racial epistemology that renders minorities as inferior and incapable of
knowledge construction and contributions within science- and STEM-related disciplines
(Lynn 2004). An internalization of racial epistemologies can negatively influence students’
authentic engagement and participation in science and STEM as it relates to their commu-
nities of place. Such internalization is reflected in documented studies that depict percep-
tions of predominant profiles of scientists as white males while also depicting a dissocia-
tion and disidentification of their own identities as scientists (Smith et al. 2007). Research
also notes the socioeconomic and sociopolitical structures in education that earmark and
reserve STEM education for privileged and dominant communities contribute to the scien-
tific disidentification for African-American students and a decline in their effort to pursue
a scientific career (Woodcock et al. 2012). As Ladachart et al. displayed in their study,
science-related issues are not universal, and the participation and practice of science itself
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within each community of place intersect with a myriad of factors that require distinct
learning progressions.

The ASP program has an epistemological focus aligned with A Framework for K12
Science Education (Zembylas 2005) emphasizing explicit integration of engineering prac-
tices and design-based solutions in science learning. The Framework emphasized these
two elements “because they provide students a place to practice the application of their
understanding of science, and because the design process is an important way for K-12
students to develop an understanding of engineering as a discipline and as a possible career
path” (Damsa et al. 2010, p. 27). In response to recommendations prescribed by Hutch-
ison-Green (2008), the preengineering curriculum is explicitly designed to allow students
to demonstrate science practices while engaging them in relevant and current engineering
applications. Many researchers in the field of science education converge on the impor-
tance of students engaging in science practices and shaping knowledge, but discussions
arise when determining how to effectively create opportunities for students to engage in
epistemic agency (Miller et al. 2018). The ASP program was designed to intentionally
engage students in inquiry whereby they can discover meanings while discovering the tools
of science. Inquiry-based instruction is instrumental in establishing autonomy and iden-
tity construction by positioning the student as one who constructs knowledge through the
engagement of practices. Miller et al. suggest that epistemic agency is fostered through
practice-oriented learning that is “designed to both disrupt students’ images of school sci-
ence and to provide them with a new vision of who they could be as scientists” (Zembylas
2005, p.1195). The ASP program has a curricular focus on engineering in which students
encounter disciplinary knowledge, methods and processes of the engineering discipline,
and practices for epistemological understanding. The vast majority of students had no
prior experience with engineering, nor publicized images representing their positionality
in engineering fields; thus, their self-efficacy during these experiences was of interest. Fur-
ther, engaging students in engineering inquiry as a of means of identity development that is
aligned with Bandura’s (1994) social cognitive theory was also explored, including the per-
ceptions that individuals held about their abilities to fulfill certain tasks to achieve desired
outcomes. Our objective was to examine how self-efficacy and science identity were influ-
enced as students progressed toward epistemic agency within their community of place.

Methodological approach

Our objective was to design a learning progression to cultivate epistemic agency in
which students are positioned to construct knowledge and influence practices of that
knowledge within their community. The ownership and regulation of knowledge and
corresponding practices that are associated with epistemic agency can be examined
through the development of a science identity in which students may see themselves
as a scientist and or engineers. Students’ self-efficacy would also be enhanced if they
believe that they have the epistemic capacity to engage in disciplinary practices and
master the tasks associated with practicing scientist or engineers. The aims of our study
echo David Stroupe’s (2014) perspective on current educational reform objectives in
which he states, “that students, in addition to learning concepts and methods, should
become legitimate participants in the social, epistemic, and material dimensions of sci-
ence” (p. 488). The goals of this learning progression were twofold. The first goal of the
learning progression was to explicitly monitor and assess students as they developed in
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their science identity and self-efficacy while increasing their understanding of the engi-
neering design process through the application of engineering practices to real-world
problems. The second goal was to enhance student participation through the construc-
tion of a science identity and development of efficacy regarding engineering so that stu-
dents can function as agents of change within their communities. The design of each
anchor in the learning progression was aligned with Kobrin et al. (2015) discussion of
how the anchors should progress students in addressing preconceptions in the first or
entry anchor, provide an intermediate level for cognitive and conceptual development,
and determine explicit objectives that demonstrate that learning has occurred within the
last anchor. In addition to conceptual development, we used a bottom-up approach to
look at the progression of participation in engineering practices and the development of
epistemic agency within the community.

In accordance with Duschl et al. (2011), the selection of topics and overall arrangement
of content is based on the instructors’ iterative assessment and analysis of how students
progressed across content and themes in science. The ASP program is a longitudinal mixed
methods case study that is in its fifth year. The curricular design of the learning progression
was the result of measuring students’ science identity and self-efficacy as they participated
in engineering practices across each year of the program. Qualitatively open-ended inter-
views were conducted annually with students to assess changes in orientation toward sci-
ence, self-efficacy, participation, and epistemic agency in place. Margaret Heritage (2008)
notes that when using the bottom-up approach both educators and experts design specific
learning progressions in response to their experiences with students during their learning
over time. Thus, our collaborative team of local scientist, educators, and researchers that
worked with the students annually discussed how students were progressing through the
content and practices in response to their identity and efficacy development. Therefore,
the curriculum was designed to monitor the progression of learning across two domains.
Within the one domain, we monitored the progression of epistemic agency as evidenced
by the construction of a science identity and the development of self-efficacy demon-
strated as students engage in student-directed community-oriented activities. Concurrently,
within the other domain we monitored the progression of engineering knowledge, skills,
and practices. The final learning target was designed to facilitate participation because of
an enhanced science identity and self-efficacy that encompasses students developing and
using engineering competencies to solve science- or engineering-related problems in their
local community of place.

Within this longitudinal mixed methods research study, two quantitative instruments
were used along with qualitative methods. Quantitatively, changes in the students’ iden-
tification as scientists were assessed through the Attitude Toward Science Survey Inven-
tory (ATSI) to measure students’ identity as science learners. Quantitatively, changes in
students’ science and engineering self-efficacy were assessed through the Longitudinal
Assessment of Engineering Self Efficacy (LAESE). Annual pre- and post-t tests were con-
ducted and both quantitative surveys to assess changes in identity and efficacy indicated
by statistical significance. Quantitative data were analyzed in conjunction with qualita-
tive data. Qualitatively, changes in students’ orientation toward science identity, engineer-
ing self-efficacy, and epistemic agency in place were assessed through open-ended semi-
structured interviews. Using a constant comparative approach (Corbin & trass, 2008),
the analysis began with open coding, in which patterns were identified. The patterns were
organized into categories. The categories were organized into themes representing stu-
dents’ movement in their learning toward agency, demonstrating the target progression in
the highest anchor. The quantitative and qualitative data were analyzed to develop entry,
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intermediate, and target anchors within the learning progression. The research questions
for the study that informed the learning progression were as follows:

1.  What are the factors influencing the development of epistemic agency of African-Amer-
ican students in the development of an epistemic learning progression?

2. How did these factors translate into the development of an epistemic learning progres-
sion?

Development of participatory anchors within epistemic learning
progression

The quantitative data regarding their attitude toward science and engineering efficacy and
the qualitative data from the semi-structured interviews were used to design an engineer-
ing-oriented place-based learning progression with an epistemic focus around community
agency. The learning progression encompassed three anchors that were designed to explore
how students progressed toward epistemic agency as they develop their science identity
and self-efficacy in engineering (refer to Table 1, ASP place-based learning progression).

Because epistemic agency encompasses students participating and taking ownership
during the knowledge building process (Damsa et al. 2010), we examined how students
exhibited epistemic agency within the engineering activities. Epistemic agency fosters full
participation and ownership during the knowledge building process (engineering activi-
ties); thus, we explored the development of a science identity, which enabled them to iden-
tify as a member within the science and engineering community. Because knowledge is
constructed in the science and engineering community, we examined students’ perceptions
regarding their capacity to make contributions as a function of their perceptions of self-
efficacy during various engineering activities. Science identity and self-efficacy as a func-
tion of epistemic agency were analyzed across all three anchors.

The objective of the entry anchor was to develop students’ epistemic agency by influ-
encing and enhancing their science identity and self-efficacy through their participation
in engineering activities. The engineering activities within this anchor were designed to
develop students conceptual understanding of engineering design while encouraging them
to examine and consider their engineering practices within the activities in relation to sci-
entist and engineers. At the beginning of the anchor, student responses indicated that they
had limited prior knowledge and experiences with STEM. During the interviews, some of
the student responses were as follows: Student 1: “I never knew anything about STEM, but
I like playing with computers and technology.” Student 2: “I have some knowledge about
engineering, but I do not have any skills. I do not know how to apply engineering to real
world situations.” From the quantitative and qualitative data, an entry anchor was designed
to cultivate the construction of a science identity and produce engineering activities that
would develop their sense of self efficacy in relation to them being able to use engineer-
ing practices with inquiry-based activities. Within the entry anchor, all engineering activi-
ties centered the contributions of African-Americans in STEM while soliciting the interest
of students to explore what contributions they would like to make in STEM. This anchor
also presented the agency of African-American scientists and engineers which allowed
them to examine how science and engineering solutions were designed to solve problems
within their communities. These engineering activities facilitated participation as students
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Enhancing place-based learning progression through epistemic...

were engaged in a community of practice within the classroom. At the conclusion of this
anchor, students were actively engaged in vocalizing what type of innovative contributions
they could make in STEM fields which denoted a sense of enhanced identity and efficacy.
This anchor was important in that students demonstrated a transformation of the self in
which they saw themselves as a member within the STEM community. Quantitatively, at
the close of the anchor the students denoted no statistical significance across the ATSI and
the LAESE survey. While there was no statistical significance quantitatively, student inter-
views indicated that their perceptions of themselves had changed as they experienced engi-
neering activities.

The objective of the second anchor was designed to enhance students’ epistemic agency
by engaging their science identity and self-efficacy as well as their engineering knowledge
and skills to explore real-world issues within a community of scientist and engineers. In
this anchor, students began to express an enhanced science identity and self-efficacy as well
as epistemic agency in which they actively participated with a sense of ownership during
the knowledge building process. In an open interview, one of the students was asked about
the expectations around learning that he set for himself, “I expect to do more on CADD and
programming. I feel that it will help me in the future so by the end of this season I expect
to have mastered both.” During an open interview, another student stated, “Engineering is
now something that I am interested in, and it is something that I know that I can do and can
do well.” From the collaborative discussions with the team of local scientist, educators,
and researchers regarding how the students were progressing in the entry anchor, an inter-
mediate anchor was designed to advance students beyond simply identifying with a com-
munity of practice within their classrooms to having them participate in a community of
practice with local scientists and engineers. In this intermediate anchor, a new community
of practice was established in which students worked directly with local scientists, engi-
neers, and undergraduate STEM majors from a historically African-American university.
The engineering activities in this anchor were designed to stimulate epistemic participation
and agency as they examined how engineers used their knowledge, skills, and practices to
solve real-world problems in their community while provoking the students to explore their
own epistemic capacity and participation within their local community.

In the intermediate anchor, students participated in place-based issues that were also
relevant to demonstrate what engineers do and what skills and processes are needed to cre-
ate solutions to community problems. Students participated in a range of activities some
of which involved building model bridges in response to the bridge collapse at Florida
International University in 2018, designing of earthquake-resistant models in response to
the California Ridgecrest earthquakes in 2019, and creating a levee model in response to
hurricane Katrina that occurred in 2005. Students discovered what issues existed within
their local community as well as explored what could be solved using engineering design
knowledge, skills, and practices which served to center their identity and efficacy. This
anchor also facilitated students acquiring content knowledge and skills as they engaged in
CADD courses, electronic courses, computer programming courses, and additive manufac-
turing workshops. Within these courses, students collaborated with scientists, engineers,
and undergraduate STEM mentors from the local university. By the end of this anchor,
students began proposing and creating their own models to solve community issues dem-
onstrating an enhanced identity, efficacy, and agency in that they took ownership in design-
ing solutions using the knowledge that they acquired in this anchor. At the conclusion of
the anchor, students quantitatively expressed a change in their science identity and self-
efficacy in engineering. Quantitatively, the p values for both the ATSI and LAESE survey
were both p <0.05 denoting statistical significance in terms of an enhanced science identity
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and self-efficacy. As students increased expressed an enhanced science identity and self-
efficacy in engineering, they also began to increase in their epistemic agency.

Engineering activities for the farget anchor were designed to facilitate students’ auton-
omy to enact epistemic agency as a result of an enhanced science identity and self-efficacy
through the design of engineering solutions to address issues that they explored in their
place-based community. The design of this anchor was developed as a result of further
discussions among local scientists, educators, and researchers regarding how students pro-
gressed across the intermediate anchor. Thus, the activities in this anchor were designed to
advance students beyond their identity and efficacy within the community of practice with
scientist and engineers to advancing and providing them with engineering challenges that
positioned them to make epistemic contributions within their local community of place.
Qualitatively, student responses indicated that they began to advance in their identity, effi-
cacy, and agency as they worked with local scientist and engineers on how engineers solve
problems in various communities. As students progressed to and across this anchor their
responses indicated that they not only wanted to advance their science identity and sense of
self-efficacy for themselves but they also communicated a desire to foster a science identity
and advance self-efficacy within their own community as it relates to engineering. During
an open interview, one of the students stated, “We want to show the kids in the community
something different. Some of the kids in the community look and say only White people do
that [referring to engineering]. Only Asians are smart enough to do that [referring to engi-
neering]. It is because they do not have the confidence in themselves to do it and society
has programmed them to think that way.” Another student began envisioning innovative
ways to redesign her existing robot as a function of agency, she remarks, “I could rede-
sign this robot to help the elderly in my community.” Within this target anchor students
demonstrated their identity transformation and enhanced efficacy in their design of vari-
ous community-based engineering prototypes. These prototypes demonstrated mastery of
both domains within the learning progression. Students continued to use computer pro-
gramming, electronics, CADD design, and manufacturing to create agricultural drones in
response to the local farming industry in the Mississippi Delta. The design of agricultural
drones reflected their epistemological development while connecting them to agriculture in
which African-Americans in that region have been historically and systemically excluded
from. Implementing agricultural concepts in the curriculum reflect (Gruenewald’s 2008)
concept of reinhabitation in critical pedagogy of place whereby place serves as an opportu-
nity to reposition marginalized communities to participate and, in this case, reclaim enter-
prises that prioritize hegemonic communities. At the highest level of epistemic participa-
tion, students collaborated with the community regarding how to create solutions using the
tools of science and engineering for the community.

Students also collaborated with the local university to host an annual STEM showcase
in support of building a STEM pipeline from the local high school to the local university.
At the showcase, students demonstrated their robots to their mayor, which countered local
disassociated images of African-American’s achievements in STEM. In addition, the stu-
dents ran a STEM summer camp for students in grades 3—8. During the STEM summer
camp, students designed and taught robotics classes for the younger students which raised
STEM awareness in their community. Some of the students who are currently enrolled in
the ASP program were previously middle school students that participated in the summer
camp. Lastly, students in the program used their knowledge, methods, and practices to 3D
manufacture personal protective equipment masks (PPE) for local healthcare workers that
did not have enough PPE during the COVID-19 pandemic. At the conclusion of this target
anchor, students quantitatively expressed a change in their science identity and self-efficacy
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in engineering. Quantitatively, the p values for both the ATSI and LAESE survey were
both p <0.05 denoting statistical significance in terms of an enhanced science identity and
self-efficacy. As students expressed an enhanced science identity and self-efficacy in engi-
neering, they also began to increase in their epistemic agency.

Reflections and thoughts for future research

In this response article, we examined and reviewed Ladachart et al.’s place-based learn-
ing progressions for northern Thailand. The proposed learning progression discussed in
the article, “Toward a hypothetical place-based learning progression for haze pollution
in the northern region of Thailand,” is a viable approach; however, we offered to extend
the discussion by suggesting that place-based learning progressions could move beyond
conceptual development to structuring participation in science and participation with local
communities. We moved to extend place-based learning progressions to include practice-
oriented progressions that facilitated participation as they engaged in disciplinary inquiry.
We considered that as students were engaged and continued to progress across a contin-
uum in science and engineering inquiry, students’ self-efficacy and science identity were
constructed. The constructing of a science identity was paramount to epistemic agency
whereby students took ownership of science and engineering to solve problems within
their local community. Lastly, we argue that epistemic agency can be actualized through
place-based learning progressions if they are designed to address epistemic aims. There-
fore, structuring participation within place-based learning progression is an effective way
to meet the goals of place-based education that position students to engage in science and
engineering practices within local communities.

Structuring epistemic agency as a progression of learning addresses student’s position-
ality while creating a transformational identity that influences participation. Aliza Zivic,
John F. Smith, Brian J. Reiser, Kelsey D. Edwards, Michael Novak, and Tara A. W. McGill
note that student centered learning that prioritizes students progressing from passive learn-
ers to active participants pedagogically facilitates “student’s involvement in directing and
monitoring knowledge building processes” within their community (Zivic et al. 2018,
p-25). Such transformations in response to place-based epistemic-centered learning pro-
gressions could be the next step for students to enact disciplinary ownership and science
literacy in creating sustainable practices in northern Thailand. In addition, structuring par-
ticipation within learning progression should include equitable participation in science.
Participation in producing knowledge can only be achieved within a framework that facili-
tates access to epistemic goods such as educational tools and resources, access to a science
community and scientists, and quality instructors which are critical components of enhanc-
ing the epistemic capacity for designing solutions. The ASP curriculum not only focused
on providing the students with content knowledge, but also focused on the ontological
transformation of the self from a passive learner to an epistemic agent for their community
by providing access to a science and engineering practices and epistemic resources that
enhanced their identity and efficacy in engineering.

Grounding the ASP curriculum in enhancing identity development and self-efficacy was
key to increasing student achievement in STEM as well as providing meaningful learning
experiences that influence students’ persistence in STEM. The results of the ASP program
echo the work of various researchers in the field. Charles Alvarez et . al. (2010) note that
after school or out of school specialty programs are instrumental in providing access to

@ Springer



L. Taylor, B. Brand

STEM which increases academic achievement and raises student interest in STEM fields.
Jamaal Young and Jemimah Young’s (2018) findings indicate that when African-American
students have access to quality enrichment STEM programs, there is a significant effect
on their academic performance and other STEM subjects in secondary schools. Further
students’ dispositions toward STEM through the development of identity and efficacy posi-
tively impacts long-term persistence in STEM. Expanding learning progressions so that
they include dimensions of social identity transformation can unlock the epistemic capacity
of students far beyond the curriculum and can lead to sustained engagement in science- or
STEM-related fields.

Lastly, the ASP research has a focus on creating an equitable learning progression to
stimulate engagement and participation as they learn science and engineering knowledge
and practices. While Corcoran et al. (2009) acknowledge that learning progressions offer
equitable potential within this framework, they also note “that here is a need to explore
how diversity affects the development and application of learning progressions, and
whether, and how progressions can help us close achievement gaps in science” (p.51).
This research focused on conducting research with participants that were marginalized
and needed an equity-oriented curriculum. In alignment with traditional learning progres-
sions, we desired to develop students’ competencies within the discipline for achievement;
however, our ultimate goal was to develop their identity and efficacy. Progressing identity
and self-efficacy enabled students to envision sustained participation in STEM beyond the
temporal dimensions of the learning progressions. The development of identity and self-
efficacy also allowed students to actualize their epistemic capacity which enabled become
agents of change through the spatial dimensions of place-based education.

Funding Funding was provided by National Foundation for Science and Technology Development (Grant
No. 1511792).
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